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ABSTRACT 
Mechanisms of Population Regulation in Confined 
Colonies of Peromyscus maniculatus (Wagner) 
and the Response to Exploitation 
by 
Donna Corn Olsen, Doctor of Philosophy 
Utah State University, 1973
Major Professor: Dr. Frederic H. Wagner 
Department: Wildlife Resources 
Wild-trapped and laboratory-reared Peromysc�s manicu­
latus (Wagner) were raised as confined colonies indoors 
with various stocking densities ranging from 0.026 to 0.100 
mice per sq. ft. in pens of 40, 77, and 154 sq. ft. The 
animals were individually tagged and all pens were censused 
at weekly or semi-monthly intervals to record animals 
x 
present, body weights, food consumption, and overt reproduc-
tive condition. At the termination of each experiment, all 
mice were necropsied and organ weights of gonads and 
adrenals recorded. Histological sections were made of the 
testes and ovaries. Half the colonies were subjected to 
density-independent exploitation by removal of 50% of the 
mice in each litter before weaning. 
Colonies stocked with the wild-trapped P. m. rufinus 
failed to establish a regular pattern of successful breeding 
xi 
and were terminated after one year. The succeeding colonies 
were stocked with the lab-reared P. m. sonoriensis and these - -
did breed regularly, and the young survived to maturity. 
Reduction of the population growth rate to zero at the 
equilibrium density was accomplished by a cessation of 
breeding by the original females after an average of 2.9 
litters was produced by each female. This, combined with a 
failure of the progeny born into the colony ever to produce 
young, caused the population growth rate to remain at zero 
for up to the maximum of 52 weeks permitted in this experi-
ment. The exact mechanism appears to be psycho-physiological 
in nature, in that regression of the germinal tissues of the 
adults occurs, and these tissues failed to mature in the 
progeny in all experiments. Reduction of the population 
growth rate to zero at equilibrium density is not accom­
plished by mortality of either young or adults, except when 
wild-trapped mice are used. 
Density-independent exploitation of the colonies 
increased the number of litters born, the litter size, and 
the total number of young born. There was a tendency for 
higher pre-weaning mortality. The net effect of these 
changes was a tendency for reduction in the equilibrium 
density of the exploited colonies, which may indicate that 
this species under these conditions is not totally self­
regulatory; i.e., equilibrium density may be determined by 
xii 
both intrinsic and extrinsic factors. 
There was no discernible effect of exploitation on the 
measures of body weight, food consumption, adrenal weight, 
or adrenal weight per gram of body weight. 
Many parameters were found to be negatively correlated 
with stocking density: the length of the reproductive 
period, numbers of litters born in a colony, total number of 
young born in a colony, litter size, number of nest boxes 
occupied by the mice at equilibrium, and the number of mice 
present in a colony at equilibrium. Some physiological 
measures proved to be positively correlated with density: 
progeny weight at three months, adrenal weight, and adrenal 
weight per gram of body weight. 
(116 pages) 
INTRODUCTION 
The question of what determines the numbers of an 
animal species existing at any point in time and space has 
concerned man since the earliest days of his existence. Man 
the hunter depended on the natural abundance of game for 
food, but he later regulated this abundance by domesticating 
certain species and protecting them from other carnivores. 
In more recent times biologists have been concerned with 
controlling the numbers of many types of animals for various 
reasons; e.g., hunting, sport and commercial fisheries, game 
ranching, and "pest" control. Increasingly, students of the 
social and behavioral sciences are turning to studies on the 
growth of animal populations for insight into the solution 
of human population growth problems. 
Many theories of population growth and fluctuation have 
been proposed and the consequences of exploitation (removal 
of a portion of the population by some means) hypothesized by 
many authors as reviewed by Wagner (1969). As Wagner 
points out in that paper, the question of what determines 
the density (number of animals per unit area) of a particu-
lar animal species at a particular time and place is actually 
two questions: (1) what factors maintain the population 
equilibrium (maintain a mean population growth rate of zero); 
and (2) what factors cause the population to become stable 
2 
(depress the population growth rate to ze~o) at a particular 
density? 
In my opinion two main problems have plagued popula-
tion ecologists in answering these questions: first, the 
inability to describe in succinct terms the question of 
density determination and the resultant proliferation of 
terms describing the process; and secondly, the difficulty 
of obtaining data on population growth in natural popula-
tions of animals which have complex social interactions and 
a life-span of several years, a.nd subsequently performing 
experimental manipulations to test the hypotheses formed. 
It was my intention to determine what mechanisms or 
factors control or affect the densities attained in con-
fined colonies of Peromyscus man1culatus (Wagner) where space 
was the only limiting factor. More specifically, the 
objectives were: 
1. To determine what factors maintain the population 
growth rate (r) at zero when the equilibrium density has been 
reached. 
2. To determine what factors cause the population 
growth rate to become zero at a particular density. 
J. To determine if this species could be described as 
self-regulatory; that is, the reduction in r (population 
growth rate) to zero at a particular density is accomplished 
only by intrinsic factors (factors not external to the 
antmal) (Wagner, 1969). 
To fulfill these objectives the following experimental 
goals were established: 
1. Determine the demography of populations of this 
species under conditions of unlimited food, water, and 
nesting sites but limited area. 
3 
2. Apply a density-independent mortality factor 
(removal of a percentage of the population, the percentage 
being independent of density) and determine if the population 
is self-regulatory. If these populations are self-regulatory, 
equilibrium densities will not be significantly different in 
colonies which have been exploited and those which have not. 
J. Compare the adrenal weights and histology of the 
reproductive tracts of the animals used in these experi-
ments under various density conditions and with those of the 
same species trapped in the wild and raised in the labora-
tory. 
4. Determine the effect of density on the bioenergetics 
of these populations by measuring body weights and food con-
sumption. 
MATERIALS AND METHODS 
The Experimental Animal 
Peromyscus maniculatus was chosen for this study 
because it is a fast-growing, fast-reproducing mammal of 
very broad climatic and ecological distribution. It is 
generally capable of reproduction at 2 to 3 months of age 
and in the laboratory may live up to 5.5 years (Walker, 
1964). Litter si z e is 1 to 9 , with an average of 4. The 
gestation period is 2 1 to 27 days and the animals will 
breed year-round if temperatures are moderate. The deer 
mouse is clean to raise in the laboratory, an important 
consideration when raising large colonies for a long per iod 
of time (ibid.). These animals require no special diet and 
can be fed commercial laboratory chow. 
Experimental Design 
4 
This investigation was conducted as four consecutive 
experiments (Table 1). Changes were made in the experimental 
conditions and procedures between experiments as a result of 
problems encountered and knowledge gained in the previous 
experiment(s). 
Experiment I 
Initially 5 pair of P. m. rufinus (Merriam) trapped in 
Table 1. Summary of experimental design 
Stocking 
Number Number density 
Type and stocked · of Pen size (mice per Durati on 
Experiment species stocked per pen pens ( sq. ft.) sq. ft.) ( wks.) 
I Wild-trapped 
P. m. rufinus 5 pair 6 154 0.065 31 
II Lab-reared 
P. m. sonoriensis 2 pair 6 154 0.026 60 
III, Fo Original pairs 
from II 2 pair 6 40 0.100 22 
III, F 1 Progeny from II 2 pair 12 77 0.052 22 
IV Smali°::- Lab-reared 
p • m. sonoriensis 2 pair 6 40 0.100 65 
IV Large ~~ Lab-reared 
P. m. sonoriensis 2 pair 12 77 0.052 65 
-~Exploited 
\.J1 
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Logan Canyon, Utah, were used to stock each of the six 
colonies. These colonies were housed in pens constructed of 
galvanized sheet metal on a wooden frame, measuring 14 x 11 x 
2-1/2 feet. Floors were covered with wood shavings, and 
the pens were not cleaned during the course of the experi-
ment. Cleaning was not necessary for sanitation purposes 
and might possibly ha v e disrupted the colony by removing 
scentin g areas. Ten metal nest boxes were provided for each 
colony, each nest box containin g eight compartments 6 x 
2-1/2 x 2 -1/2 inches, and mattress cotton was provided for 
nesting material. Unlimited amounts of Purina Mouse Breeder 
Chow and water were available at four places in each pen. 
One 100-watt bulb over each pen provided illuminatio n for 
14 hours each day. Te mperatures in the area of the pens 
varied from SO F in winter to 100 Fin summer. These 
colonies were maintained from December 18, 1965 to July 23, 
1966, 31 weeks. 
Experiment II 
Due to the small amount of reproduction and the high 
mortality among the original adults in Experiment I, I 
decided to modify the stocking procedures. Instead of using 
wild-trapped f. ~- rufinis, I obtained some P. m. sonoriensis 
(LeConte) from Harold Egoscue at Dugway Proving Ground, Utah. 
Stocks of this species have been maintained in the Faunal 
Colony at Dugway for years and are approximately 15 
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generations removed from the wild-trapped mice • . These mice 
have been selected for adaptability to laboratory conditions 
and good reproductive performance. They are · no longer "wild" 
mice, but since the "wild" mice could not be induced to 
breed under the conditions of the experiment, the Dugway 
mice were considered the best solution. In addition, many 
figures are available on reproduction, mortality, and body 
weights of these animals under laboratory conditions. Data 
are also available on wild-trapped P. m. sonoriensis from 
the Ecology Section at Dugway Proving Ground. On the whole, 
the additional data available on these lab-reared stocks 
and their proven adaptability to laboratory conditions more 
than compensated for the fact that they had been in captivity 
for several generations. 
Other changes were made in Experiment II. Two pair, 
instead of five, were used to stock each of the colonies in 
order to reduce aggression levels and possibly increase 
adult and juvenile survival. Food dispensers were modified 
to force the animals to consume most of the pellets at the 
feeder, and prevent their carrying them to a nest box or 
other cache, as occurred in Experiment I. This was done to 
enable us to measure food consumption accurately. An air 
conditioner was installed in order to keep the temperature 
within a range conducive to breeding and litter survival. Six 
154-sq.-ft. pens were used. 
Experiment II was initiated on September 18, 1966, and 
terminated on November 11, 196 7, a total of 60 wks. 
Experiment III 
The animals in Experiment II completely ceased re pro-
duction after raising what seemed to be ver y fe w litters, 
and the young born into the colonies never reproduced, 
although visible si g ns of a ggression or disease were absent 
in both the young and adults. It seemed lo g ical to deter-
mine if either the young or the adults would or could 
reproduce if the density were lowered from that at equilib-
rium. I also wanted to var y the pen sizes to determine if 
actual floor space was important. Th e r e f ore, th e colonies 
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of Experiment III wer e st ocked with t he indi v iduals fr om 
Experiment II in the followin g manner: 18 pe ns and conse-
quently 18 colonies were used in Experiment III. Colonies 1 
through 6 were each stocked with the two pair of original 
adults from Experiment II and will be referred to as Experi-
ment III, Fo. The pens for these colonies measured 5 x 8 x 
2-1/ 2 ft. and contained four nest boxes, two food dispensers, 
and two water bottles. Each of the remaining 12 colonies 
was stocked with two pair of mice which were born into the 
colonies of Experiment II. These colonies constituted 
Experiment III, F1. The 12 colonies were housed in pens 
measuring 7 x 11 x 2-1/2 ft. containing ten nest boxes, two 
food dispensers, and two water bottles. Each colony of 
Experiment II contributed to the stocking of three colonies 
in Experiment III; for example, Colony 1 original adults 
were placed in the new Colony 1, two pair of their progeny 
were placed in Colony 7 and two other pair in Colony 13. 
Experiment III was initiated on November 28, 1967, 
and terminated after 22 wks., on July 1, 1968. 
Experiment IV 
I decided to determine in this experiment if equilib-
rium density and population growth rates were related to 
stocking density rather than stocking numbers. Therefore, 
the same number of mice were stocked as in Experiment II, 
but the stockin g density was altered by using the smaller 
pens of Experiment III. The six colonies houses in the 40-
sq.-ft. pens constituted Exp eriment IV Small, and the 12 
housed in the 77-sq.-ft. pens, Experiment IV Large. 
In order to test the effect of a density-independent 
restraint, half the colonies of this experiment were 
exploited by removal of 50% of each litter at weaning. 
Males and females were removed 1n proportion to the sex 
9 
ratio of the litter. Young, rather than adults, were removed 
in order that the effect of this removal would not be con-
fused with the disturbance caused by alterations in estab-
lished hierarchies. 
The colonies in this experiment were maintained until 
8 wks. after the birth of the last litter, since there was 
no reproduction after a quiescent period of this length in 
the other experiments. Experiment IV was initiated on 
July 9, 1968, and the last colonies were terminated by 
October 1, 1969. 
A summary of the differences between the experiments 
is presented in Table 1. 
Census Procedures 
10 
In order to provide an accurate record of the popula~ 
tion dynamics of the colonies as well as to collect data on 
the growth and condition of individual animals, each colony 
was censused at regular intervals. During Experiment I the 
census was conducted at 7-day intervals. When it subse-
quently became apparent that the census mi ght be disrupting 
the maternal care behavior of the mice, the procedures were 
changed, and :· the census was taken at 14-day intervals during 
the remainder of the study. 
The data collected during each census included the 
location (nest box number), individual number (ear tag), sex, 
age of newborns, weight and overt reproductive condition of 
each animal in each colony. The young at weaning, as well 
as the adults originally used to stock the colonies, were 
individuall~ marked with a monel fingerling fish tag in the 
pinna. The rate of tag loss was quite low, and the three-
digit numbers provided quick identification of animals as 
well as of tissues taken at necropsy at the termination of 
the colonies. Durin g the census the amount of food oaten 
during the previous 7- or 14-day period was determined b y 
weighing the food remaining in the hoppers. Dead animals 
were examined t o determine the cause of death. Data 
recorded at each census were subsequentl y punched on IBM 
cards for automatic d ata processin g . 
Necropsy Procedures 
11 
At the termination of Exp eriments I II an d IV a ll 
animals were sacrificed. In addition, those animals o f 
Ex p eriment II not needed t o stock the colonies of Exp eriment 
I I I were necropsied at th e termination of Exp eriment I I. 
The mice were killed with ether and checked for gross 
abnormalities of the internal or g ans such a s ki dn ey s, li v er, 
et cetera. The adrenals were removed and cleaned of ex cess 
fat and connective tissue. Adrenal weight was determined 
to the nearest milligram. The ovaries and uteri were taken 
from the females and the testes and epididymides from the 
males. Testis lengths were measured to the nearest milli-
meter and the wet weight determined to the nearest milli g ram. 
One caudal epididymis from each male was crushed in saline 
and examined under the microscope for the presence of sperm, 
which was recorded as none, few, or many. All tissues were 
prepared for sectioning by standard histological techniques. 
12 
In order to provide normal (reproductively active) 
animals as standards for comparison of organ weights and 
structures with the experimental animals, we obtained some 
of the stock from Dugway Proving Ground. These animals had 
been raised under the same light and temperature conditions 
as the experimental animals but were housed in small labora-
tory cages as pairs plus their young up to weaning age. In 
addition, mice of the same subspecies were trapped in the 
desert of western Utah (Curlew Valley) during the spring 
and early summer. These standards will be referred to as 
lab-reared and wild-trapped, respectively. These animals 
were sacrificed immediately upon acquisition and treated in 
the manner described above. 
After the adrenals and gonads were weighed, they were 
fixed for 24 hrs. in Bouin's fixative and then stored in 70% 
ethyl alcohol. The tissues were subsequently imbedded in 
Paraplast, and the testes and ovaries were sectioned (6 and 
10 microns thick), then stained with hematoxylin and eosin. 
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RESULTS AND DISCUSSION 
Demography 
General growth pattern 
The growth pattern of the colonies of the various 
experiments is presented in Table 2. For ease of comparison 
between the experiments the time between stocking and ter-
mination has been divided into three periods--adjustment, 
reproductive, and asymptotic. The average equilibrium den-
sity attained by the mice in each experiment ranged from 0.07 
to 0.23 mice per sq. ft. The experiments are arranged in 
order of increasing stocking density, and Experiment III is 
not included because no young were born during that experi-
ment. 
The adjustment period. The initial non-reproductive 
period (from stocking to the birth of the first litter) was 
probably either an adjustment to the new environment and/or 
a maturation phenomenon, although all mice were approximately 
8 wks. old at stocking. This period varied from an average 
of 24.7 wks. (Experiment I) to 9.6 wks. in Experiment IV 
Large. The adjustment period for Experiment I may have been 
the longest because the mice used in that experiment were 
wild-trapped, whereas the others were lab-reared. The short 
adjustment period for Experiment IV may be attributed 
Table 2. Mean lengths of population-growth periods in relation to stocking and 
equilibrium density (standar d errors in parentheses) 
Length in weeks of 
Stocking 
density 
(mice per Adjustment Reproductive Asymptotic Equilibrium densit y 
Experiment sq. ft.) period period period (mice per sq. ft.) 
II • 026 18.7 (7.42) 8.3 (1.74) 35.0 (8. 95) .13 
IV Large • 052 9 . 6 (2.17) 15.4 (4.43) 14. 5 ( 2 . 96) .20 
I • 065 24. 7 ( 1. 10) 3. 3 ( 2. 02) 5. 3 ( 1. 34) • 07 
IV Small .100 13.3 (4.37) 6. 7 (4. 05) 10.7 (1.33) .23 
f---' 
+="""" 
partially to the fact that the colonies of that experiment 
were initiated in July, during the normal breeding season 
for these animals, whereas the other experiments were begun 
in S eptember and December, probably not the normal breedin g 
time. 
The reproductive period. The length of the reproduc-
tive period--the time from the birth of the first litter to 
the birth of the last litter--was highly variable between 
colonies within experiments and between the experiments. 
Ex p eriment I, with the wild-trapped mice, had a very short 
reproductive period (3.33 wks.), as compared with 8.30, 
6.70, and 15.4 wks. for Experiments II, IV Small, and IV 
Lar g e respectivel y . 
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Terman (1965) found that his colonies of P. m. bairdii 
reached equilibrium in an average of 15.9 wks. This should 
be compared with the length of the adjustment and reproduc-
tive periods combined in these experiments. The average 
times to equilibrium in Terman's calculations for these 
experiments were 28.o, 27.0, 20.0, and 25.o wks. for 
Experiments I, II, IV Small, and IV Large respectively, 
which are much longer than Terman reported. This greater 
length may, of course, be due to many factors such as 
species-specific differences and physical arrangement of 
the colony areas. His stocking densities were 0.4 and 0.8 
mice per sq. ft., but otherwise the conditions were quite 
similar to mine. His stocking densities were two to eight 
times as large as the densities stocked in these experi-
ments, which may account for the differences in the time 
needed to reach equilibrium density. His equilibrium den-
sities were also much higher than those observed in this 
study, as will be discussed in a later section. 
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Recruitment to the population in the present experi-
ments came almost entirely from litters born to the original 
females. No litters were produced by the female progeny in 
Experiments I or II, and only 3% of the 286 female progeny 
in Experiment IV produced y oun g . The rarity of reproduction 
by the female progeny was also reported by Terman (1965) 
for P. ~- bairdii in laboratory colonies and by Rowe at el. 
(1964) for house mice in corn-ricks. 
The average number of litters born to each ori g inal 
female was three or less in all experiments (Table J). The 
two experiments with the lowest stocking density had the 
two highest mean number of litters born. 
Average litter size varied from 5.0 to 5.8 mice/litter 
for the different experiments. There was a trend toward an 
increase in litter size with successive litters. The first 
litter averaged 4.84; the second, 6.65; the third, 5.J8; the 
fourth, 5.67; and the fifth, 6.50 mice/litter. The second 
litter was the largest, and the only significant difference 
in litter size was between litters one and two (0.05 > P > 
Table). Measures of fertility expressed as an average per colony (standard error in parenthe-
ses). The second line of figures (bracketed) excludes non-reproducing colonies or 
animals. 
Number of 
Utters Total young Average 
born born litter Litters per Young per 
E.xperinumt per colony per colony size F0 female F 0 female 
Percent F 0 
reprod11cing 
II 3.7 <.558) 21.5 (4.27) 5.8 (.402) 1.8 (.344) 10.75 (2.14) 10/12 = 83% 
( 2.2 (.290)) { 12. 9 (35.43)] 
IV Large 4.2 (1.16) 23.4 (5.06) 5.8 < .296) 1. 75 (. 701) 10.0 (2.024) 17/24 = 70'/o 
(4.6 {1.20)) £25.5 (5.97)J [2.47 (.355)) D-4-~ (2.164)) 
I 1.2 (. 542) 5.5 (2.92) 4. 3 (. 865) .27 (.078) 1.23 . (.547) 6/30 = 20'/o 
(2. 3 (. 882 )] (10.0 (4.58)) ( 1.2 (.1664)) ( 5. 00 (. 774)) 
IV Small 2. 0 ( 1.18) 10. 3 ( 6.401) 5.0 (.614) 1.0 ( .477) 5.16 (3 .20) 4/12 = 33% 
[4.0 (1.73)] [20.7 (9.90)] [ 3. O (.707)] c 15.5 (4.94)] 
1--' 
--.J 
• 
0.01). A linear regression of litter size on female age 
showed no correlation (r = 0.06). 
Asymptotic period. With the end of breeding by the 
original females and the failure of the female progeny to 
produce litters, the population entered the asymptotic 
period of population growth. This period, from the birth 
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of the last litter to termination, lasted a variable length 
of time depending on the patience of the experimenter. 
Experiment I seems to have been terminated rather pre-
maturely; however, three of the six colonies in that experi-
ment never reproduced, and the three which did produce 
litters did so after almost six months with poor survival. 
One month after the birth of these litters no females seemed 
to be reproductively active, and the experimental design 
was changed to fulfill the objectives of the study, which 
required an actively breeding population. The colonies in 
the other experiments were permitted to continue for up to 
one year after the birth of the last litter. 
Mortality pattern 
The data in Table 4 show the average mortality per 
colony during the periods of population growth, as well as 
adult and pre-weaning mortality. (The mortality percentages 
presented in this table are computed on the animals present 
in the colony at the end of the period in question.) There 
is no obvious pattern in the relationship between mortality 
Table 4. Average percent mortality of adults and juveniles durin g the periods of 
population growth 
% Juveniles and adults dying r!/o Dying % Adults dyi~g 
Adjust- Reproduc- Asymp-
ment tive totic Pre-weanin g Adult 
Experiment period period period mortality mortality Male Female 
II (N = 6) 8 5 12 6 12 4 6 
IV Large 
( N = 12) 2 16 1 18 3 2 2 
I (N = 6) 10 19 7 36 15 5 4 
IV Small 
(N = 6) 0 11 2 11 2 1 2 
I--' 
'° 
in the various experiments (which are listed in order of 
increasin g stocking density) and the periods of population 
growth. In three out of the four experiments (I, IV Large, 
IV Small) the highest percentage mortality occurred during 
the reproductive periods. In the remaining experiment, II 
(with the lowest stocking density), the highest mortalit y 
occurred during the asymptotic period. The next greatest 
mortality was apparently in the adjustment period in all 
but Experiment IV Small, where the difference between that 
period and the asymptotic period was very small. 
Adult mortality did not appear to be sex-specific, 
either during the whole experiment or durin g any particular 
period of population growth. There was no opportunity to 
sex mice dying before weanin g as moat of them were eaten, 
quite dessicated, or too small. 
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Pre-weaning mortality was apparently not related to 
litter number (which in these experiments is a rough indi-
cator of female age) or litter size (Figures 1 and 2). There 
was also a lack of correlation of pre-weaning mortality 
with density at the birth of the litter (Figure J). No 
graphs are presented for ExperimentI, where only seven 
litters were born, or Experiment III where none was born. 
There was no apparent increase 1n mortality rates of 
adults or juveniles with increasing density. This is con-
trary to results reported by many other authors. Retzlaff 
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Figure 1. Percent pre-weaning mor-
tality by sequential 
litter number of females 
in Experiments II and IV. 
22 
100 Experiment II 
. . . . ... 
1 2 3 4 5 6 7 8 9 10 
Litter size 
100 • • • • .. 
:>, Experiment IV 
.µ 
o,-1 
,--l 
tU 
.µ ... 
H 
0 
s 
.µ 
C 
Q) 
C) 
H .. 
Q) 
P-t 
.. 
·i-
., 
1 2 3 4 5 6 7 8 9 
Litter size 
Figure 2. Percent pre-weaning mortality by litter 
size in Experiments II and IV. 
>, 
.µ 
..-1 
r-l 
oj 
.µ 
H 
0 
s 
.µ 
s:: 
Q) 
0 
H 
Q) 
P-, 
23 
Experiment II 
100 
50 
• 
• 
• 
10 20 JO 40 
Number of mice in colony 
Experiment IV 
100 •• •• • 
• • 
50 
• 
10 20 30 40 50 
Number of mice in colony 
Figure 3. Percent pre-weaning mortality in relation to the 
number of mice in the colony at time of birth in 
Experiments II and IV. 
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(1938) showed an increase in the mortality of adult white 
mice at higher densities. A decline in survival rates of 
litters with increasing density has been reported for Mus, 
Microtus, and _I.~- bairdii by Brown (1953), Christian 
(1956), Clarke (1955), Louch (1956), Strecker and Emlen 
(1953), Southwick (1955a and 1955b), Christian and LeMunyon 
(1958), and Terman (1965). However, Southwick, in his 1958 
paper on house mice in corn ricks, could find no significant 
difference in the mortality rates at different densities. 
This was also reported by Strecker (1954) for house mice, 
but in both of these cases emigration was possible. 
Density and space effect 
Equilibrium density. There is no significant correla-
tion (r = 0.33, P > 0.5) between the equilibrium density and 
stocking density (Figure 4). This correlation is improved 
considerably when computed by omitting Experiment I 
(r = 0.94, 0.05 < P < 0 .10). This would be a justifiable 
omission since Experiment I was stocked differently, ten 
pair instead of two, and wild-trapped mice instead of lab-
reared. 
The actual number of mice present in the colonies at 
equilibrium (Figure 5) was inversely correlated with stock-
ing density (r = 0.95, P = 0.05); i.e., those colonies 
stocked at the lowest density had the highest numbers at 
equilibrium. 
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The equilibrium densities of colonies of P. m. sonori-
ensis found in this study (0.07 to 0. 2 3 mice per sq. ft.) 
were generally not comparable to densities reported by other 
authors for Mus and Peromyscus where foo d was not a limiting 
factor and no emigration was possible. Terman (19 65 ) 
reported equilibrium densities of 0.3 to 2.35 mice per sq. 
ft. for lab strains of P. m. bairdii in 10- and 20-sq.-ft. 
pens. The lower value is comparable to what I observed for 
P. m. sonoriensis, but the higher value is 10 to 33 times 
the densities of my colonies. This difference may be 
attributed to several factors. It may be a reflection of 
subspecific differences in tolerance to crowdin g . Since 
Terman also reported a lack of reproduction by the F 1 
females, the differences in equilibrium densities could be 
due to the production of more or larger litters by the 
females stocked. His pens were one-half to one-fifteenth the 
size of my pens, and this may also have influenced the 
equilibrium density, since there appears to be a negative 
correlation between pen size and equilibrium density in our 
colonies (y = 0.2706 - 0.0013 x, r = -0.91, .05 < P < .01). 
The equilibrium densities reported for colonies of Mus 
show great variability and are higher than the densities 
attained in my colonies. Southwick (1955a and 1955b), using 
pens of 125 and 150 sq. ft., reported densities of 0.2 to 
1.0 mice per sq. ft. A peak density of 0.156 mice per sq. 
ft. was reported by Strecker (1955) in pens of 500 sq. ft. 
Table 5. Average stocking and equilibrium densities of the experiments. (Stand-
ard error in parentheses.) The figures in brackets are means and 
standard errors computed without those colonies in which no reproduc-
tion occurred. 
Number of Average 
mice equilibrium 
Stocking density stocked density Average 
(mice per sq. per (mice per number of mice Pen size 
Experiment ft. ) colony sq. ft. ) at equilibrium (sq. ft.) 
II .026 4 • 13 ( • 02) 20.7 (3.373) 154 
IV Large .052 4 .20 (.23) 16.8 (3.58) 77 
[. 2 6 (. 05 )] [19. 4 ( 3. 8 0) l 
I • 065 10 .07 ( .08) 10.2 _ ( .910) 154 
[.0 7 ( .07)] [11.0 (1.732)] 
IV Small .100 4 .23 ( .06) 9.5 (2.941) 40 
[. 34 ( • 04 )] [15. 0 ( 3. 60) l 
f\.) 
--..,; 
The highest densities reported for house mice of 1.19 to 
4.76 per sq. ft. were attained in colonies raised by Snyder 
(1968) in pens of 42 sq. ft. of floor apace, but he had 
perches on the vertical walls of the pens available to the 
mice. 
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Length of population growth periods. The length of 
populat ion-growth periods was quite variable (Table 2 ), 
although the length of th e re producti ve period appears to 
have been inversely related to stockin g density, since the 
expe riments with the two lightest stocking densities also 
had the two longest reproductive periods (II and IV Large). 
The len g th of the adjustment per io d , and at least partially 
the reproductive period, may have been dependent on the a ge 
of the animals at st ock in g and the time of year when the 
colonies were stocked, and, in the case of Experiment I, the 
fact that the animals were wild-trapped. 
The r eproductive pattern. The effect of different 
stocking densities is evident in the reproductive data 
(Table J). The data for the number of litters per original 
female and number of young produced per original female show 
a definite reduction with increasing stockin g density. 
Litters per female and y oung per female at the higher den-
sity (Experiment IV Small) were approximately half the value 
at the lower density (Experiment II). Although Experiment 
IV Large had more litters born and more total young born per 
colony, the production rate (litters/Fa female or young/F 0 
female) was less than Experiment II. The percentage of the 
Fa females producing young provides the explanation for the 
difference in the actual production rates: there was a 
consistent decrease in the percentage of original females 
littering from the lower to the higher stocking densities. 
There did not appear to be any relationship between 
litter size and colony density at the time of birth 
(Figure 6). Retzlaff (1938) and Strecker and Emlen (1953) 
working with house mice, and Kalela (1957) working with 
voles, observed no reduction in litter size with increasing 
density, the reverse of what has been reported for deer 
mice by Helmreich (1960) and Rowe et al. (1 96 ~_) for house 
mice. 
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The bracketed lines of Table 3, those containin g onl y 
the figures on reproducing colonies, show that stockin g den-
sity had a slight positive effect on litters born per colony, 
total young born per colony (except for Experiment I), or 
average litter size. Production rate per reproducing 
female actually increased with increasing stocking density. 
Again the difference in production, and consequently equilib-
rium density, was due to the decrease in the percentage of 
the original females which actually had live young. A chi-
square test showed the percentage of females bearing young 
in the different experiments to be significantly different 
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( p < • 005) . 
Thus, the mechanisms which reduced the population 
growth rate to zero were a reduction in litter size, a 
failure of some F 0 females ever to breed, and eventually a 
complete cessation of reproduction by females in the popula-
tion. My results are similar to those obtained by other 
authors. Christian (1950, 1956, and 1970) found suppression 
of reproductive activity by both sexes with increasing 
population density in colonies of house mice, and in his 
1956 paper concluded that a total absence of reproductive 
activity or a failure of the young to survive weaning limited 
dense populations of this same species. Terman (1965) and 
Strecker and Emlen (1953) also observed a complete cessa-
tion of breeding at equilibrium densities of P. m. bairdii 
and Mus populations. Similarly, Petrusewicz (1963) estab-
lished the limiting mechanism in laboratory populations of 
white mice as a partial or complete failure of fecundity as 
well as increased pre-weaning mortality. Southwick (1958) 
reported a similar, although less obvious, reduction in 
fertility or rate of reproductive increase in wild Mus living 
in corn-ricks. The reduction was significant only at the 
highest densities. 
A comparison of the reproductive performance of the 
female deer mice under the conditions of this experiment 
with the performance of mice of the laboratory stock at 
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Dugway (Table 6) shows clearly the effect of density in 
limiting population gr owth. The mice at Dugway are housed 
as pairs, i.e., a female and a male are caged together per-
manently and the young are removed as soon as they are old 
enough to wean. The cages used are approximately 18 x 12 x 
8 in., an initial density of 1.JJ mice per sq. ft. 
The average litter size of mice housed as pairs at 
Dug way was 4.49 (S.D. = 1.62), based on 651 litters. These 
litters were born to females up to tw o y rs. old, and there 
is a defin ite dec rease in litter size with age . The females 
in my colonies never reached this age during the reproduc-
tive pe riod (a ges durin g the reproductive period were 17 to 
36 wks.), which would probably account for the fact that the 
litter si ze s in our colonies were somewhat larger than those 
reported fo r the Dugway colonies. Litter size in Experiment 
I was lower than that for the Dugwa y animals, but this is to 
be expected when comparin g lab strains with wild-trapped 
animals which were also of a different subspecies (rufinus 
instead of sonoriensis). 
The fi gures in Table 6 on production per female, 
litters per female, and young pe r female were collected in a 
different manner, in that pairs were maintained until they 
had produced about 15 litters or until they were no longer 
producing litters regularly. However, these figures 
closely a pproximate the production rate during the time when 
33 
Table 6. Reproductive data on Peromyscus maniculatus 
sonoriensis raised as pairs in the laboratory at 
Dugway Proving Ground 
Parameter Value Sample size 
Litter size - 4.49 ( S. E. . 068) 651 litters X = = 
Litters per female -X = 15. 4 ( S. E. = • 697) 105 females 
Young per female - 84.8 X = ( S. E. = 5.03 ) 62 females 
Pre-weaning mortality 8.8% 135 litters 
females are actively producing young in the present study. 
The production figures for the females in my colonies are 
essentially the same (Table J). The average number of 
litters per female under the conditions at Dugway was 15.4, 
and the average number of young produced per female was 
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84.8. The average number of litters per female in my 
colonies ranged from 1.2 to 2.5, and the average number of 
young produced per female ranged from 5.0 to 15.5. Regard-
less of the difference in the method of collecting the Dugwa y 
data, the lifetime production of the female mice in the 
populations of my experiments was drastically reduced from 
what production would be at the minimum laboratory density. 
Ev idence of the ex ploitation 
effect 
In the colonies of Experiment IV, both Large and 
Small, a density-independent restraint in the form of arti-
ficial predation or exploitation (removal by the experimenter) 
was applied to half the colonies. For ease of reference in 
the future, the colonies to which this restraint was applied 
shall be referred to as "exploited." In those colonies 
where reproduction occurred, half of each litter was removed 
when the litter reached weaning age. Three of the small 
colonies reproduced, and of these one was exploited and two 
were not. Ten of the large colonies reproduced, and of 
these five were exploited and five were not. 
Effect of exploitation on equilibrium density. Both 
the equilibrium density and numbers at equilibrium are com-
pared in Table 7 for the experiment on exploitation. 
Although the equilibrium densities and mean number of mice 
per colony were both higher in unexploited colonies, none 
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of these differences were statistically wignificant. All 
t-values were less than 0.8. In the larger pens of Experi-
ment IV, where the sample size was more nearly adequate, the 
equilibrium density of the exploited pens was less than that 
of the non-e xplo ited pens, although not si gn ificantl y 
(P >0 .5), suggesting that possibly the number of mice 
present a t the eq uilibrium density was lowered by the appl i-
cation of a density-independent restraint. 
Evidence from previous studies of experimental 
exploitation. I t was our hy po thesis that density-independent 
exploitation would affect the pop ulation growth by altering 
the equilibrium density or the time required to reach equi-
librium, or both. In most of the laboratory studies in 
which experimental pop ulations have been subjected to 
exploitation, equilibrium densities have been reduced. 
Watt (1955) applied constant exploitation rates of 20 
to 90% to flour beetle populations Triboliwn confuau~ • . The 
standing crop was depressed after repeated removals, but 
the amount of suppression was not correlated with the rate 
of exploitation. Standing crop in these populations was 
Table 7. Equilibrium densities of exploited and non-
exploited colonies in Experiment rv·:~ 
Exploited Non-exploited 
No. mice Mice/sq. ft. No. mice Mice/sq. 
Small 17 .38 8 .18 
Pens 20 
-45 
X 17. 0 .38 1i. o .Jl 
S .E. .o .135 
Lar g e 11 .14 13 . 17 
Pens 33 .43 38 .49 
18 .23 17 .22 
10 .13 21 .27 
8 .10 16 . 21 
X 16.0 .206 21. 0 .272 
S.E. 4.6 .060 4.4 .056 
* 
ft. 
Non-reproducing colonies were omitted from the computa-
tions for this table. 
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not a static quantity, as in our investigation. The flour 
beetles were dyin g and reproducing, whereas in our colonies 
equilibrium was maintained because there was no reproduction 
and very low mortality. 
Nicholson (1957) reported a similar reduction in "mean 
population" size after removing constant percentages of a 
particular stage of development of th e blow-fly, Lucilia 
cup rina. Removal of 50% of the larvae doubled the number 
of adults due to better survival to the adult stage. 
Removal of 50% of the adults caused the mean adult popula-
tion t o remain v irtu ally the same as in the control cultures 
exposed t o no explo itation. The equilibrium d ensity was 
lowered in both situations. 
S illiman and Gutsell (1958) applied va riable rates of 
preda tion t o popula tions of guppies. Success i ve removals of 
25, 10, 50, and 75% of the population make interpretation of 
the results difficult, at least for my purposes. However, 
it appears that any exploitation of the populations reduced 
its numbers to some degree. 
Slobodkin and Richman (1956) and Slobodkin (1 962) con-
cluded that removal of new-born animals at a varying rate 
from populations of Daphnia pulicaria reduced the size of 
the residual populations but not in direct proportion to 
either the number or percentage of animals removed. These 
populations demonstrated strong homeostasis and a compensatory 
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reaction. With the removal of young or adults in proportion 
to the nu mbers of b irths, the s teady-st ate si ze of the popu-
lation (equilibrium density) and the y ield pe r unit time 
were linearly related to food supply. 
Huffaker and Kenneth (1956) reported greatly reduced 
densities and amplitude of fluctuations of the prey s pecies, 
a cyclamen mite ( Tarsonemus pallidus Banks ) , in the presence 
of the predatory mites Typhlodromus cucumeris Oudemans and 
Typhlodromus retuclatus Oudemans. 
Expe rimental studies of the effec t of explo it a ti on on 
rodents are few. Davis and Chr isti an (1958) removed rats 
at regular inter va ls from a naturally occ urrin g popula ti on 
with def inite boundaries. The rates applied were expec t ed 
to g i ve a sustained yield; however, although the yield was 
high at firs t, the popu lati ons eventual l y collapsed. Thei r 
explanation for the collapse was that: (1) a reduced 
pop ulation may not increase in the same manner as an 
increasin g pop ulation, in which case yield cannot be pre-
dicted from the logistic equation; (2) the constant removal 
of indi v iduals may increase the re producti ve rate by lower-
in g the a ge at first pregnancy to the point where the 
average a g e of females declines until they are too young to 
breed; (J) removal of individuals may severely disru pt 
social organization and thereb y inhibit reproduction. 
Emlen, Young, and Strecker (1 958) poisoned established 
populations of house mice, Mus mus c ulus. The poisoned popu-
lations had lower levels durin g poisoning but increased to 
about the same le vels as before poisoning when the poisoned 
bait was removed. 
Petrusewic z (1963) added or removed mice from con-
fined populations of white mice for a period of one week. 
In 65% of the experiments there was an increase in the 
populations, as a result of increased fecundity and litter 
survival. He postulated that experimental shock breaks 
qown the social structure of the popula tion and ther eby 
promotes numerical growth. 
Effect of exploitation on periods of population 
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growth. The len g th of the adjustment period in the exploited 
colonies of the present study averaged 6.7 wks.; in the non-
exploited colon ies, 12 .J wks. This was not significantly 
different (t = 1.428, 0.1 < P < 0 . 2) , nor should any 
biological significance be ascribed to it since no artifi-
cial predation was applied until the colonies started to 
reproduce and that signified the end of the adjustment 
period. Although the mean len gt h of the reproductive period 
was longer in the exploited populations (16.7 wks. compared 
with 11.4 wks. for the non-exploited) the difference was not 
statistically significant (0.2 < P < 0.5), combining the two 
experiments. 
The time to equilibrium (adjustment plus reproductive 
period) was si gnificantly (P < 0 .001) shorter in the 
explo ite d colonies of Experim en t IV Lar g e--1 9 .J wks. for the 
ex p loite d and 27 . 6 for the n on-exp loited. This difference 
may not be biolo g ically relev an t since it is an artifact 
of the shorter adjustment period in exp loite d colo n ies. 
Only one of the studies cited above was des ig ned to 
t es t th e se con d pa rt of th e question: Does explo it a tion 
chan r,e th e time re q uired fo r a growing po pu lation to reach 
equilibrium density? S illiman and Gutsell (19 5 8) a pp lied 
preda ti on t o pop ulati on s from the time of stocking at low 
densities u ntil equilibrium was reached. 
Effect of exploitation on the reproductive pattern. A 
compar ison of the litter si ze in the exploited and non-
explo ited colonies of Expe rim en ts IV Large and IV Small 
shows a larger litter size in the exploited colonies ( 5 .8 8 vs . 
4 . 92 y oun g per litter; 0 .0 5< P <0 .10). Althou gh there is a 
difference in the number of litters born in the two types of 
colonies (4 .1 4 for th e explo ited and J.71 for the non-
exploited), this difference is not st a tistically si gn ificant. 
Similarly, there is a difference in the average total number 
of young born pe r c olony ( 24 . 28 for the exploited and 18.28 
for the non-exploited), but this falls short of significance 
(0.4 < P < 0 . 5). Hence there is a consistent trend for the 
litters to be lar g er, for more litters to be born, an d for 
more total young to be born into the exploited colonies. 
There is an apparent inconsisten cy with the figures for 
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equilibrium density given in the previous section, where the 
average equilibrium density for the exploited colonies was 
lower than that for the non-exploited colonies. The explana-
tion for this is, of course, the reduction in numbers due to 
experimental predation. 
Effect of exploitation on mortality. Pre-weaning mor-
tality in th e exploited colonies was slightly higher than 
that in the non-exploited colonies (26% in the exploited 
and 20% in the non-exploited, 0.25 > P >0.10). 
Thus, the effect of a density-independent artificial 
restraint, in this case predation by the experimenter, had 
no more than a slight reducing effect on the equilibrium 
density, and an incr easing effect on th e length of the 
reproductive per iod, as I had hypothesized. Litter size, 
and poss ibl y other reproductive paramete rs were hi gher in 
the exploited colonies. There appears to have been an 
effect on the adult mortality pat tern, but since the magni-
tude of this mortality was so small, the total effect was 
quite slight. 
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PHY:; I OLOGY 
Adrenals 
Mean adrenal wei gh t, computed as the average of the 
two adrenals for each animal, and mean adrenal weight per 
gm. of body wei ght for the various experiments are presented 
in Table 8. The relationship of these two meas urements to 
equilibrium density and stocking density are presented in 
Figures 7 throu gh 9. The most strikin g feature of th ese 
ta b les and graphs is the consistency in both g ross wei g ht 
of the adrenals and adrenal weight per gm. of body weight 
at var iou s dens ities. There were no si gn ificant differences 
in adrenal wei gh t s between experimen ts , between sexes 
within ex pe riments, or between original adults and their 
progeny within exper i men ts except in Experiment IV Small, 
wher e the progeny had significantly heavier adrenals than 
the ori g inal adults ( 0 . 01 < P < 0 . 02). Adrenal weights were 
analy zed by Newman-Keul's mult i ple mean tests or T-tests. 
There are more diffe renc es which are significant in 
the values for the adrenal weight per gr. of body weight. 
Females had significantly heavier adrenal weights per gr. 
of body weight in Experiment II (original adults) (P <Q.001) 
and Experiment III (original adults) (O.Ol<P<0.02). 
There were no significant differences between generations 
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Table 8. Adren a l wei ght and adrenal weight per gram of body 
weight for each se x and generation within experi-
ment (standard error in parentheses) 
Adrenal · Mice per sq. ft. 
Adrenal wt / body Stocking Equilibrium 
Experiment wt (mg) (mg/g r) density density 
III, F1 4 . 57 ( . 62) . 200 ( • 008) • 052 .05 Male 4 . 23 ( . 2 7) .180 (. 010) 
Female 4. 79 ( • 18) . 220 ( • 010) 
II I , Fo 3 . 97 ( . 32 ) .1 55 ( • 0 12 ) .100 .1 0 
Male 4. 52 (.55) .166 (.017) 
Femal e 3 . 53 ( . 34) .14 7 ( . 014) 
II, (F 1 ) 4 . 67 ( • 40 ) .201 ( . 012 ) . 026 .1 3 Male 4 . 50 ( . 24 ) .1 70 (. 01 1) 
F emale 4.90 ( 1. 07 ) . 238 (.017) 
IV Large, 
F 4 .83 ( • 2 6 ) . 213 ( . 022) . 052 . 20 0 Male 4 . 64 ( • 29 ) . 209 ( . 039) 
Female 5. 05 (. 44) . 217 ( . 02 0) 
IV Large, 
F1 4. 80 ( • 15 ) .238 (.007) . 052 . 20 
Male 4 . 8'( ( . 22 ) . 226 ( . 011) 
Fema le 4.17 ( . 18) . 253 (. 010 ) 
IV Small , 
Fo 4 . 65 ( . 2 7) .20s ( . 012 ) .1 00 . 23 
Male 4 . 90 ( • 3 8 ) . ;;_07 ( . 015 ) 
Female 4 . 37 ( . 40) . 204_ ( • 021) 
IV Small , 
Fl 5 . 83 (. J2) . 239 (.013) .1 00 . 23 
Male 3.96 ( . 52) . 239 ( . 019) 
Female 5 . 69 ( . 34) .239 (.018) 
Dufwa y 
wild-
tr apped) 4 . 67 ( . 12) . 240 (.006) 
Male 4.29 ( . 14) . 226 (.065) 
Female 5 . 46 ( . 24 ) . 269 (. 011) 
Dufway 
lab-
reared) 5 . 2s (.2 2 ) • 265 ( • 009) 
Male 4.70 (. 4 7) .22 6 (. 013) 
Female 5.60 ( • 24) . 287 (.010) 
Curlew 
(wild-
trapped) 5.44 (.3 5 ) . 259 (.016) 
Male 5.39 (. 40) .264 ( . 021) 
Female 5.54 ( • 65) . 24 9 ( • 02 0) 
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of the same sex within experiments. The males of Experiments 
Il and III were significantly smaller than the males of 
Experiments IV Lar ge and Small using Newman-Keul's multiple 
mean tests at the P = 0.05 level. 
Additional data were obtained from Peter F. Olsen of 
the Ecology and Epizoology Research Group of the University 
of Utah on wild-trapped£. m. sonoriensis from Dugway 
Prov in g Ground (personal communication). Only mice of 
reproductive age during the times of reproduction were used. 
Adrenal weights were taken after the gl ands had been fixed 
in formalin, but otherwise the techniques used were i de ntical 
with mine. The adrenal weights (Table 8) for these wild-
tra pped mice were 4. ? 9 mgs. (S.E. = .1 37) for the males and 
5.46 (S.E. = . 239) for the females. The adrenal weight per 
gr . of body weight for males was 0.226 (S.E. = 0.0650) and 
for females was 0.269 (S.E. = 0.011). There were no sig-
nificant differences between the animals used in this 
study and the wild-trapped mice, in either adrenal weights, 
or weight per gr. of body weight. The Dugway data show that 
adrenal weights for males were consistently smaller than 
those for females (P < 0.001); however, there was no signifi-
cant difference between the sexes in weight per gr. of body 
weight. In my study on confined mice this difference 
between males and females was not significant . 
There were significant differences in the variances of 
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adrenal weights: confined females had a si g nificantly 
higher variance than wild-tra pped females (P < 0 . 01), and the 
variance of adrenal weight per g r. of body weight for con-
fined males was greater than that of wild-tra pped males 
(P <0.01). There were si gnificant differences in th e 
variance between males and females in the same experiment, 
but there was no pattern apparent; e . g ., one sex consistentl y 
grea ter than the other, or a relationship to dens it y . 
A comparison of the three t ypes of "controls" or 
"st andards " shows some differences. Dugwa y wild-tra pped 
mice have smaller adrenals than Dugwa y lab-r ea re d mi ce 
(0.05 <P< 0 .1 0 ). The lab-rear ed animals wer e mos tl y 
immatur es , not at the peak of their breedin g a ge , whereas 
the wild-trapped animals wer e specifically selected as 
breed in g a g e animals at the hei ght of the breed in g season. 
This should have resulted in lar g er adrenals in the wild-
trapped mice. The p icture is compl icated, however, by the 
fact that the adrenal g lan d reaches its largest relati v e 
size during prenatal life, and the involuti on of the fetal 
X-zone occurs before the animal reaches maturity (Turner, 
1966 ). The time of disappearance of this zone has not been 
described for the deer mouse. The lar ge r adrenal size of the 
lab-reared animals may also be due to the "stress" of con-
finement, although these animals have been in captivity for 
approximately 15 generations. 
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Adrenals of the wild-trapped Dugway mice were also 
significantly li ghter than th os e of the wild-trapped Curlew 
Valley mice (P < 0 .001), althou g h weight per gr. of body 
wei ght was not significantly different. This d iffer ence is 
difficult t o expla in, excep t that the Cu rlew mice were 
brought in from the trappin g area and then kep t alive in th e 
lab for several days befor e th ey were killed. Dugway mice 
were killed within 12 hrs . of capture. 
There was no si gnificant d ifference between th e Dugwa y 
lab-reared and th e Curlew an imals in ei th er adrenal wei g ht 
or weight per gr. of body wei ght. Th e only mod ification 
that seems to have occurred in my colonies is that adrenal 
wei gh ts of females are not cons ist entl y higher than those 
of males, as is the cas e in mos t r od ents and was reported 
by Elefther i ou (1968) . S i nce bo th estrus and pregnancy 
increas e adrenal wei ght, and th e mice in our co loni es cease 
re produc tion and may become anestrous at equilibrium dens it y, 
the equal ity of the adrenal wei ght of the females may be a 
result of th e lower level of circulating hormones such as 
estrogen. This conclusion is supported b y the work of 
Bronson and Chapman (1968) on th e adrenal-estrus relatio n -
ship of g rouped and is o lated fema le white mice. In their 
experiment gonadectomy resulte d in a decrease in adrenal 
weight regardless of whether the mice were housed in groups 
or isolated. On the basis of four ex pe riments involvin g 
various combinations of housing type (grouped or isolated), 
and ovariectomized or not, these authors concluded that 
social stressors do not provide a basis for explaining the 
suppression of estrus, and the observed suppression of 
estrus appears t o be unrelated to adrenal activity. 
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Effect of density. There is a strong positive corre-
lation of adrenal weight per gr. of body weight with the 
equilibrium density (r = 0. 54 , P< 0.05), possibly indicating 
an adrenal hypertrophy response to crowding (Figure 7). 
Adrenal wei gh t shows a posi tive but insignificant correla-
tion with equilibrium density (r = 0.29, P> 0.05) in F i g ure 
8. Ne ith er adrenal weight nor adrenal weight per gr. of 
bod y weight (Figure 9) are strongly correlated with stocking 
density (P > 0.0 5), b ut both show an inverse relationship. 
It must be stressed that the data po ints in Figures 7-9 
represent the average for a group of animals when they were 
sacrificed after being at equilibrium density for a variable 
length of time; weights were not obtained at various densi-
ties within a colony. These results are not directly 
comparable with the work of other authors. Christian (1955, 
1956) observed an increase in the adrenal weight of Mus with 
increasing density in freely-growing populations (1956), 
and an increase with density up to a certain point and then 
a return to a lower value, in populations of a fixed size 
maintained for 1 wk. (1955). Southwick (1958) and Bronson 
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and Eleftheriou (1963), work in g with house mice and P. manicu-
l a tus res pec ti ve l y , found no increase in adrenal wei g hts with 
increasin g density, and So uthwick (1963), in experiments on 
~- leucopus, found that adrenal weights varied significantly 
with social climate but not with density or crowding per se. 
He reported that high dens ities of mice produced no adrenal 
hypertrophy if th e populations were "socially compatible,'' 
e.g., hous ed to ge ther from weaning age. This may account 
for th e l ack of significant d ifferences between experiments 
in this study, since th e mice are the result of the repro-
duc ti on of two pair of mice housed to ge ther at approximatel y 
two months old . 
Reproduc ti ve histology 
Males. Typ i cal sec ti ons of the t es tes of a lab-
reare d and a wild-tra pped male were i nd istin gu ishable. The 
lumen was small relati ve to the radius of the tubul e (due 
to large numbers of th e var i ous stages of spermatids) in a 
lab-reared male (F i gure lOA), and the number of mature s p erm 
presen t i n th e lumen was lar ge . 
S li des of the testes of males from the experimental 
colonies are quite different in appearance (Figure l OB) . 
The lumen is quite lar ge i n relation to the radius of the 
tubule, due to the small number of spermatids present, and 
the result an t lack of spermatogenesis is apparent in the 
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Figure 10. Cross sections of t es t es of deer mi ce r a is ed 
un de r va rious cond itio ns . A. Lab-reared stand-
ard containing nor ma l tu bu les , many norma l 
sp e rmati ds a nd matur e sperm. B. Exper imental 
pro g eny containing few spermatTds a nd no mature 
sperm. A polynuclear sperma ti d is v isibl e in the 
lu men of one of the tu bules . C . Expe rimental 
progeny un de r hi gh magn i f i c ati~n show i n g th e 
abs ence of normal spermato g enes i s and a po l yn u-
clear spe rmatid. D . Expe ri men t a l p ro g eny af ter 
being moved from hi gh dens it y t on low e r de nsit y 
containin g both normal and ab!lorma l tu bul es . 
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smaller numbers of mature sperm in the lumen of the tubules. 
In addition, the males born into the experimental 
colonies, referred to in Table 9 as II F 1 (Figure lOA,B), 
showed a high incidence of polynuclear spermatids. We ha\e 
never found these large, multi-nucleated cells in wild-
trapped mice, but the y are present to a much lesser exte~t 
in lab-reared stocks. The measurements in Table 9 indic~te 
only whether polynuclear spermatids were found in the slides 
of the testis of a particular animal, not the relative frE-
quency of normal and abnormal spermatids. If this measure-
ment were made, the r ela tionship of density to the production 
of these cells would probably be clearer. Unfortunately 
time did not permit me to pursue this further. 
Multi-nucleated cells in the testis ha ve been produced 
experimentally by many experimenters using a variety of 
techniques: by 1tradiation (Rao and Srivastava, 1967; 
Berliner et al., 1964); by A or B avitaminosis, ligation o~ 
the spermatic vessels, or injection of iodine, alcohol, 
thymus extract or estrogen, or mechanical injuries 
(Momigliano and Essenberg, 1944). These multi-nucleated 
cells probably result from the fusion of spermatids through 
the expansion of the intercellular bridges (Fawcett et al., 
1959). They may also be formed by the phagocytic action 
of the Sertoli cells, which engulf degenerated spermatids 
(Clegg, 196J; Clegg and MacMillan, 1965). Multi-nucleated 
Table 9. Reproductive measures and characteristics of male mice under normal and 
experimental conditions. Stockin g density expressed as mice per square 
feet in parentheses. 
Experiment IV IV IV 
Large Large Small 
Dugw ay Curlew II F 1 III F l ~ Fo III F 0 Fl - 1 
Density Lab- Wild-
reared caught 
Stan dards Standards ( . 02 6) ( . 052) ( • 052) ( .052) (.100) (.100) 
Average 
test is 
wt., mg. 79 . 6 159.9 19. 5 73 . 7 43 -4 104 .65 77.9 95 .4 
Average 
test is 
length, 
mm. 6. 6 7.3 4.5 7. 0 6.0 7.9 7.2 7 . 0 
Percen t con-
tainin g 
p.n.s. 
spermatids 33 0 56 17 --- --- 22 
Percent con-
tainin g 
normal 
tubules 100 100 39 67 --- --- 67 
Percent con-
tainin g 
motile 
sperm in 
epididymis 33 100 0 58 25 75 62 81 
Ave. age, 
Mos. 2 .3 Adult 7 . 6 16.1 5 .5 10.9 24.0 5 . 6 
Sa mple size 6 16 2~ / 23 66 20 10 16 
IV 
Small 
n 
.r 0 
( .1 00) 
10 . 5 
7.2 
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9 . 2 
11 
\.Jl. 
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cells formed in this manner, however, would normally be 
found near the border of the tubule rather than in the 
lumen, as was the case in our experiment. 
Other measurements of reproductive activity in the 
males also showed changes with density (Table 9). Both 
testis wei ght and len g th 1 were significantly smaller in the 
experimental males than in the wil d -trapped standards 
(P < 0 .001). The epididymis of the experimental mice was 
almost rudimentar y , par ticularl y in the progeny, and when 
the epididymis was crushed in saline and examined under the 
microscope, the percen ta ge of experimentals having motile 
sperm was significantl y lower than that of adult wild-
trapped standards. The lab-r eared stan da rds, with an 
average a ge of 2 . 3 months, had testis wei g hts and len g ths 
comparable to the original experimental adults, with an 
accompanying low incidence of motile sperm. These lab-
reared males were not old enough to be sexually mature, but 
the experimental males were. The testes of these experi-
mental males were, therefore, quite similar to the testes 
of an immature mouse. 
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Male mice seeme d to recu pe rate from the density-
imposed sexual inactivity when moved from conditions of high 
density (Experiment II) to conditions of lower density 
1All measurements of testis weight and length are based 
on the average of the two wei ghts or lengths for a given 
animal. 
(Experiment III). Slides of the testes of males under 
thes e conditions (Figure 10D) showed a resumption of normal 
spermatogenic activity. The tubules appeared normal, with 
many spermatids in va r y in g stages of deve lopment and many 
mature sperm in the lumen of the tubule. This return to 
normal appears to require d ifferent len g ths of time in 
different indi v i duals , however, since after 22 wks. at the 
lowered dens it y some mice still had mostly abnormal tubules, 
some had a mixture of normal and abnormal tubules, and some 
had all normal tubules. I classified as normal those 
tubules which contained many spermatids in different stages 
of development, mature sperm in the lumen, and no polynuclear 
spermatids. 
Both the testis weight and length of progeny , II F 1 , 
III F1 (Table 9), showed a significant increase (P < 0.001) 
when the den sit y was reduced. None of the original adults 
was sacrificed at the higher density, so no comparison was 
possible. Tes tis weight and length of both the original 
adults and their progeny were not significantly different 
from the weights and lengths of the lab-raised standard 
pairs. These measurements, as well as the fact that the 
incidence of polynuclear s permat ids decreased and the 
incidence of motile s pe rm increased, indicate that the 
animals had probably recuperated from the effects of density 
on sexual activity. 
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The relationship between testis weight and body weight 
was positive in all experiments, and there was significant 
correlation (r f 0) in Experiments III, IV Large, and IV 
Small and the lab-reared standards from Dugway. Experiment 
II males d iffered from males of the other experiments in 
that the y had been living under conditions of equilibrium 
density for an extended pe riod of time (35 wks., average). 
There may be continual, progressive degeneration of the 
testis during long per iods of high density. The two experi-
ments having the highest average body weight and equilibrium 
(II and IV Smal l ) had the lowest and highest average testis 
wei g hts, respectively, at equ ilibrium (Table 10). 
Females. The ovar ies of female deer mice in the 
experimental colonies of this study also showed changes which 
can probably be a ttri bu t ed to den sity. For comparison, 
prepara ti ons were made of the ovaries of wild-trapped and 
lab-reared mice of the same species. These were indis-
tin gu isha ble histologically. Ova rian sections of a lab-
reared female are shown in F'i gure llA. Sec tions of the 
ovaries of female progeny from the experimental colonies 
(Figure llB) differed markedly in that the y contained no 
corpora lutea. The diameter of the largest follicle was 
significantly less, and the ovaries contained large numbers 
of what appeared to be a t ype of atretic follicles (Table 11). 
These small follicles (Figure llC) were oval to round in 
Table 10. Linear re g ressi on of a d ult testis wei ght on body wei ght 
Equilibriu m d ensit y 
Mean testis Mean body (mice per s quare 
Experiment weight, mg . wei g ht, g r. N r Ho : r = 0 foot ) 
II 19 . 49 27 . 22 25 . 20 N. S . .1 3 
III 78.60 25 . 40 31 . 47 p < • 01 Hi gh-Low 
IV Lar g e 58 . 00 24 .1 6 86 .33 p < • 01 .2 0 
IV Small 92 . 25 25 . 29 27 . 76 p < • 01 . 23 
Wild-trapped 79 . 63 21. 15 6 .78 N.S. (wild) 
Lab-reared 159 . 50 20 .8 9 16 • 5 0 • 05 > p > . 01 (lab cag es) 
\.Tl 
CD 
A 
Figure 11. 
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Cross sections of ovar i es of deer mice raised 
under va rious cond ition s. A. Lab -r eared stand-
ard containin g corpora lutei and severa l lar ge 
follicles. B . Exper i men t al pro g eny con tai n in c 
many small abnormal folli c les. C. Expe ri men t al 
progeny showing abnormal folliclis. D. Expe ri-
mental progeny und e r cond iti ons of reduced 
density con tainin g some lar ge foll i c les and 
small abnormal follicles. 
Table 11. A comparison of histological measures of ovaries from experimental and 
standard mice 
Standard 
Lab-reared pairs Wild-caught II Fl III F 1 III F 0 
Percent containin g 
corpora lutea 67 100 0 35 So 
Diameter of lar gest 
follicle, microns 368 352 299 331 393 
Cross-sectional area 
of ovary, sq. mm. 1.8 2.6 1.1 1. 7 2.5 
No. abnormal follicles 
per sq. mm. of ovary 8 . 0 7.3 35.1 27.6 19.1 
Average a g e, months 1.8 adult 8 . 8 16.0 24 .0 
Sample size 9 8 19 14 10 
CT' 
0 
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shape, with an average diameter of 28 microns range (15-50), 
and appeared to be filled with a vacuolated, proteinaceous, 
eosinophilic material. There may or may not have been a 
definite layer of follicular or granulosa cells surrounding 
the proteinaceous material. When the layer was present, 
the cells were squamous-like in appearance, never cuboidal. 
Studies in irradiated gerbils (Meriones hurrianae) and 
lab rats (Rattus norvegicus) (Rao and Srivastava, 1967; and 
Mandl, 1959) have demonstrated the production of follicles 
which appear to be similar. Mandl found that the nuclear 
material of the oocyte was pale staining, shrunken and 
eosinophilic. Oocytes were present whose size was character-
istic of later stages of development but was surrounded by 
only a single layer of granulosa cells. Normal growth of 
the granulosa cells appears to have been affected. Rao and 
Srivastava stated that the granulosa cells are probably more 
susceptible to irradiation than the oocyte, causing the 
discrepancy in growth rates. In this study the growth of 
the oocyte apparently flattened the granulosa cells and pos-
sibly even forced them into the surrounding stroma so that 
they were no longer distinguishable. 
Ovaries of females maturing under high-density condi-
tions (Experiment II) were significantly smaller in cross-
sectional area than the ovaries of the standards: 1.1 sq. 
mm. for the experimental mice as opposed to 1.8 or 2.6 sq. 
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mm. for the standards (Table 11), which is significant at 
the P< 0.1. The cross-sectional area of the ovary was 
used as a measure of the size of the ovary in this study. 
The weight of the ovaries was extremely difficult to deter-
mine, as they were imbedd ed in large masses of fat and were 
very small. It was impossibl e to separate the ovarian tis sue 
without destroying it. 
The diameter of the lar ge st follicle in each ovary was 
also used as an indicator of reproductive activity. The 
diameter of the lar ge st follicle was also significantly 
smaller in the females maturing under the high-density 
conditions: 299 microns for the mice of Experiment II 
versus 368 or 352 microns for the standards (P < .01). 
In addition, the num be r of small, atretic follicles 
per sq. mm. of ovarian tissue in a section from the center 
of the ovary, was in v estigate d as a possible indicator of 
res ponse to stress. The female progeny under hi gh density 
conditions of Expe riment II averaged 35.1 atretic follicles 
per sq. mm. of ovary in the medial cross-section; whereas 
the standards averaged 8.0 and 7.3. This difference was 
si gn ificant with P< 0 . 0 1). 
The mice of the colonies in Experiment II were removed 
to pens where the density was much lower. The average 
equilibrium density of the colonies of Experiment II was 20.7 
mice per pen. The mice were moved to pens where the density 
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was fo ur mice per pen (Table 2). Under these conditions of 
lower density the ovaries be gan to assume a normal appear-
ance, the degree of normality differing between individuals 
when the experiment was terminated after 22 wks. The len g th 
of time necessar y for reco v ery may, of course, have been a 
funct ion of the age of the individual mice. The progeny 
averaged 16 months of a ge and the ori g inal adults 24 months 
at the termination of Experiment III. 
The ovarian sections of the mice of Experiment III had 
co rpora lutea and lar ge developing follicles (Fi g ure llD), 
as well as th e small atretic follicles. The various measures 
of ovarian function, discussed in the precedin g paragraphs, 
also showed chan ges in ovarian histol ogy under th e condi-
tions of redu ced dens it y . The cros s-secti onal area was 
significantly great e r than was found under the high-density 
conditions of Experiment II (P = 0 .0 01 ), but was still sig-
nificantly smaller th an the standards and the original 
adults ( 0 .01< P < 0 . 0J) . At the reduc ed den sit y , the diameter 
of the largest follicle ( JJl microns) was not significantly 
different from the st anda r d animals ( J68 microns) or progen y 
under hi gh -density conditions (299 microns) with 0 .1< P < 0.2. 
F ollicles, however, were significantly smaller than those of 
the original adu lts (393 microns), (0.01 < P <0.02) . There 
was no si gnificant decrease in the number of abnormal 
follicles per sq. mm. of ovary in the progeny when the 
density was reduced (35 .14 and 27. 59 ), but the original 
adults had significantl y fewer abnormal follicles at the 
reduced dens it y (19.0 7) than the progeny (P = 0.01. This 
may indicate that the adults were either recuperating from 
the effects of the hi gher density more quickly or that the y 
were not affected as severely as the maturing animals. 
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In summary then, we may draw the followin g conclusions 
about the effect of density on the gon adal histology of K· ~-
sonoriensis: · 
1. Under hi gh -densit y conditions, the ovaries of this 
s pecies are si gn ificantl y smaller in size, con tain smaller 
follicles, and fewer corpora lutea. There is also a hi gh 
incidenc e of small atretic follicles. 
2 . Under hi gh-density conditions, the testes of thes e 
mice are significantly smaller in wei ght and length, contain 
more polynuclear s perma tids and fewer normal tubules, and 
the inci de nce of s pe rm in the ep 1didymal tubules is zero. 
J . When the density is reduced for an extended period 
of time, both the testes and ov aries tend to return to 
normal. The testis contains normal tubules with spermatids 
in various stages of development, many mature sperm and 
fewer polynuclear spermatids. In the ovaries the cross-
sectional a rea approaches that of the standards, as does the 
diameter of the lar ges t follicle. 
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Overt reproductive condition 
Males. Many researchers have used the criterion of 
scrotal testes to indicate whether males were in reproduc-
tive condition, especially in field studies. Many questions 
have been raised about the validity of this criterion; 
therefore, I recorded the position of the testes immediately 
before the mice were killed as follows: testes were 
classed as ''visible" if they appeared to be external to the 
inguinal canal or could be pushed into the cremaster sac 
with a slight pressure of the fingers on the abdomen. 
Testes were classified as not visible if they were abdominal 
and could not be pushed into the sac. These two divisions 
were chosen because a true scrotum does not exist in this 
species (Jameson, 1950) and the testes can be withdrawn 
into the body cavity when the animal is cold or frightened. 
S ince we had made smears of the epididumides of these 
mice, as well as recordin g the position of the testes, we 
had a good measure of the deg ree to which motile, viable 
sperm were associated with visible testes (Table 12). A 
chi-square test showed a significant difference in the 
relative frequency of the comb inations of visible testes 
and sperm present in the various experiments and the controls. 
In the control and all experiments except II, F 0 and IV 
Large, F 1 the most prevalent pattern was testes visible and 
sperm present. In Experiment II, F 0 the testes were visible 
Table 12. Percent frequency of overt reproductive condition measures for male 
standards and experimentals 
Tes tes not 
Testes v isible, Testes not v isible, 
Testes visible, sperm not visible, sperm not 
Experiment sperm present present sperm present present 
Lab-reared 
Standards 67% 1 6% 0% 16 % 
Wild-trapped 
100 % Standards 0% 0% 0% 
II, Fl 0% 96% 0% 4 % 
III, F 0 75% 25% 0% 0% 
III, F 1 69% 31 % 0% 0% 
IV Small , F 0 45% 28 % 9% 18 % 
IV Small, F 1 62% 6% 19% 12% 
IV Lar g e, F 0 60% 25% 15 % 0% 
IV Lar ge , F 1 15 % 27% 19% 48% 
Chi-square test for difference in frequency of patterns between experiments: 
x2 = 141. 5 , df = 24, P < 0.005 
N 
6 
16 
25 
8 
23 
11 
16 
20 
67 
CJ" 
CJ" 
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but no sperm were present, and in Experiment IV Large, F 0 the 
most frequent combination was testes not v isible, no sperm 
present. 
A chi-square test of all experimentals versus all 
controls (Table 13) in the frequency of the patterns was 
also significant (P <0.001). The standards had a 91% fre-
quency of the pattern testes v isible, sperm present, while 
this pattern occurred only 35% of the time in the experi-
mental animals. 
The effect of densit y on overt reproductive condition 
in the males is seen as a trend toward the absence of 
visible testes and lack of sperm in the epididymal smears. 
Females. Three characteristics were evaluated as 
overt measures of reproductive condition in the females. 
The condition "mammae visibl e or not" was used as an indi-
cator of impending parturition or the presence of an actual 
litter. When a litter was present or about to be born, the 
mammary tissue became swollen and pink, whereas at other 
times, the nipples were visible but the mammary glands were 
not swollen and were whitish in color and covered with fur 
(Table 14). A chi-square test of independence was run to 
determine whether the frequency of mammae visible or not 
was different in the various experiments. The test showed 
a significant difference between experiments with a 
probability of less than 0.005. The major portion of the 
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Table 13. Percent frequency of visible testes and sperm in 
epidid ymal smears for male standards and experi-
mentals 
Criteria 
Testes v isible, sperm 
p rese n t 
Test e s v isible, sperm 
not present 
Te st es n ot v isibl e , s p erm 
present 
Testes n ot v isible, sperm 
not present 
Standards 
N = 22 
5% 
Ex p erimentals 
N = 169 
35% 
35% 
22% 
Chi-square test of difference in frequenc y of patterns 
between experimentals and stan dards: 
chi-square= 25.23 9, df = 3, P < 0.001 
Table 14. Percent frequency of overt reproductive condition measures in standard 
and experimental females 
Pere ent 
Mammae Perineal area Vaginal Qpening 
Not Not Not Sample 
visible Visible swollen Swollen perforate Perforate size 
Lab-reared 
Standards 87 12 0 100 22 77 9 
Wild-trapped 
Standards 25 75 12 88 50 so 8 
II, F1 82 18 32 68 86 14 22 
III, F1 100 0 14 86 81 19 21 
III, F0 80 20 0 100 30 70 10 
IV Small, Fo 10 0 0 55 45 82 18 11 
IV Small, F1 87 13 31 69 so so 16 
IV Large, F0 77 23 3 6 64 64 36 22 
IV Large, F1 98 2 73 27 89 11 55 
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chi-square was contributed by the wild-trapped standards, 
whose ratio of visible to not visible was three, where the 
other experiments had ratios of less than one. This criterion 
simply measures the frequency of pregnancy of the mice, and 
the high ratio in th e wild-trapped standards may have been 
an artifact of the time of year at which they were captured. 
The other tw o measures, whe ther the perineal area was 
swollen, and whether the vagina was perforate or not, are 
less def init e indicators of the phys iolo g ical state of the 
animals. The chi-square value for perineal area swollen or 
not was 47 . 26, s i gnif icant at P < 0.005 with 8 degrees of 
freedom. The majo r portion of the significant value was 
contr ibuted by Exper iment IV Large, F 1 , which exhibited the 
oppos it e pa ttern of the rest of the experiments, a high 
percentage of not swollen per ineal area. 
The chi-square value testing whether frequency of 
perforate v a gina was different between experiments was 
37. 78, with 8 degrees of freedom (significant at P < 0.001). 
The only apparent pa ttern to the differences is that the 
standards have either equal percentages of perforate and 
not, or high percentage perforate, whereas the experimentals, 
except for III, F 0 , have a high percentage not perforate. 
A comparison of all experimental females with all 
standard females in Table 15 shows much the same effect. 
The chi-square tests on each of the three characteristics 
Table 15. Percent frequency of ov ert re produc ti ve condition measur es for all 
experi mental and standard females 
Standards Experimentals Level of 
N = 17 N = 157 Chi-square si gn ifican ce 
Mammae v isible 62°/o 91°/o 44. 76 p < 0. 005 
Mammae not visible 38°/o 9°/o 
Perineal area swollen 94°/o 57°/o 9. 37 p < 0. 005 
Perineal area not sw ol len 6°/o 43°/o 
Vag ina perforate 68°/o 24°/o 16. 04 p < 0. 005 
Vagina not perforate 32°/o 7 6°/o 
-'3 
I-' 
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a:-e significant at P <0 .00 5 . More standards had mammae 
visible, perineal area swollen, and vagina perforate. Since 
tle standards were assumed to be normal as far as repro-
fuctive activity, the pattern of characteristics exhibited 
bf them could be used to discriminate be tween normall y 
r9p roducing mic e and those inhibit ed by some stressin g 
f1c tor. 
Pi.neal gland 
Dr. Le Grande El lis of Utah S tat e University has been 
hvesti g ating the effect of p ine al gland secretion in labora-
bry animals and was int erested in measuring pineal g land 
s3cretions in the animals in th ese colonies. Two measures 
W3re made of th e secretion--cc. /m in. x 0 .1 075 and the same 
q1antity pe r g ra m of body wei ght. The pineals were removed 
f ~om the mice i mmed iatel y after dea th and frozen until the y 
w3re pre pared for analysis by pape r chromatography. The 
rrBan s and standard dev iati ons for the lab-reared and wild-
~ap ped controls as well as the expe rimental animals are 
m,.ven in Table 16 . There were no significant differences at 
t1e 0.05 level in either cc. /m in. or cc./min. / body weight, 
mtween any of experimental colonies or controls. 
B)dy weight 
Adult weight at equilibrium. Average weight of female 
alults at population equilibrium (excluding gravid females) 
Table 16 . Pineal g land secretion rates in mice of the 
various ex periments and standards 
cc / mi n/bod y wei ght {*- cc/min* 
-Exp eriment X S. D. N -X S.D. 
II, F l .0 920 .0 236 3 . 0024 .0011 
III , F l .1 362 .10 58 4 1 .0029 • 00 2 1 
III, F O .1178 .0410 15 .0030 .001 0 
Wild-tra pped 
standards • 08 62 .20 44 13 .0018 .00 4 1 
Lab-reared 
standards .1 5 00 .1 65 1 2 • 0032 .00 4 1 
Cag e-reared 
ex perimental 
progen y .129 7 .23 06 13 .00 22 .004 5 
~} 
X 0.10 75 X 104 
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N 
3 
4 1 
1 6 
13 
2 
13 
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ranged from 21.3 grs. to 22.9 grs. 1n the various experi-
ments (Table 17). An analysis of variance between experi-
ments showed no significant difference between the average 
weights (F = 0. 684). However, the differences in the weights 
of the males under th e different experimental conditions 
(Table 17) did show significant differences (F = 3.89, 
P <0.05). A Duncan's multiple mean test at the 0.05 le ve l 
showed the mean weight of males in Experiment IV Large to 
be significantly smaller than those of Experiment II or IV 
Small, but no different from those in Experiment III. A 
scattergram (Figure 12) of adult male weights on equilibrium 
and stocking densities suggests a po siti ve correlation, 
but these upon testing prove not to be statistically sig-
nificant. 
Weight of progeny. The effects of the stress of hi gh 
density might be transmitted to the young in utero (Keeley, 
19[2 ; Chitty, 1955 ; Crowcroft and Rowe, 19 61; Chris ti an , 
1955 ), and one of th e effects may be a decrease in body 
weight. The weight of animals at three months was chosen 
for comparison in this study because this was the youngest 
age at which we had reliable we i ght s for the original 
a du lts, and the females were not pregnant at this age, 
sin ce they were not pa ired until the colonies were stocked. 
A t h ree-way analysis of variance was run on the weight of 
aLimals at three months of age in the colonies of Experiment 
75 
Tab le 17 . Adult body weight i n g rams at equilibrium in the 
various experiments 
Males Fe males 
Experiment -X S . D. N -X S . D. N 
II 27. 2 5.3 25 22 . 2 6 . 0 23 
III~r 25. 4 3.5 31 22 . 9 3.5 3 1 
IV Large 23.5 6.4 86 2 1.3 6 .8 55 
IV Small 27 .3 6 . 0 19 22 . 8 5 . 9 35 
* s inc e the colonies of Exper i men t III never rep ro duced , 
they had n o ac tual equilibrium per io d . The adult wei ghts are 
i nc lud ed in this ta b le and the followin g tables and figures 
fo r co mpar ison purposes only. 
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Figure 12. Relationship between average weight of adult 
males and stocking and equilibrium densities. 
IV Large and Small. The thr ee factors analy z ed were: 
(1) the si z e of th e pens, large or small; (2) sex; and 
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(3) g eneration, original adults or their progeny. The two 
different si z es of pen s used had no signifi?ant effect on 
the wei ght of the animals (P <. 5 ) (Table 18). Likewise, 
sex was n o t a si gn i f icant factor in exp laining the observed 
differences in the weights ( P = .5) . There was, however, 
a hi gh l y si gnificant d ifference in the three-month weight 
· of the original adults used to stock the colonies, and that 
of their pro g en y (P < . 001 ). This difference also contribute d 
to a si gnificant sex and generation interaction (P = .0 2 ). 
The ori g inal males were, on th e average, 3. 51 grs. hea v ier 
than the male pro ge ny in Experiment IV Lar g e and Small. 
The female ori g inal adults were 6.44 grs. heavier than the 
female progeny, showin g that t he effect of the si g nificant 
generation-by-sex interaction was to produce a greater 
reduction in the wei ght of the female progeny. 
An analysis of wei ght d ata from Experiment II shows 
no significant differences (P > .10) between original adults 
and pro g eny in the three-month weight. 
Effect of exploitation. I n the exploite d colonies of 
Experiment IV Small, the progeny were si gn ificantly smaller 
in wei ght than those in the non-exploited c6lonies (Table 
19). This effect was true of both the weight at 10 wks. 
and 12 wks. The opposite effect was found in the coloni es 
Table 18. Ori g inal adult and progeny weights at three 
months of ag e 
Body wei ght in grs. 
Males F emale s 
- -Ex:perime nt N X S. D. N X 
I I, FO 12 24 . 27 2 . 49 12 22 . 67 
I If F l 50 24.1 8 5. 06 46 21. 81 
IV Lar ge , FO 24 24.1 2 J . 66 24 24 . 78 
IV Lar g e, Fl 69 21. 09 3. 75 59 19 . 23 
IV Small, FO 12 24 . 33 3. 26 12 25 . 81 
IV Small, Fl 16 20 . 33 3. 04 16 18. 47 
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S. D. 
4 . 03 
4 . 77 
4 . 42 
4 .1 0 
5. 97 
1. 76 
Taui~ 17. trreeu 01 exp~o1tat1on on l U- and 12-week progeny weights and on adult 
weight at equilibrium. Variance in parentheses and T-test signifi-
cance levels for differences between the means in brackets. 
Progeny weight at Progeny weight at Original adults at 
10 weeks, gr. 12 weeks, gr. equilibrium, gr. 
Not Not Not 
Experiment Exploited exploited Exploited exploited Exploited exploited 
IV Small 17.57 19. 96 18.32 19.96 26.68 23.74 
(J.83) (3.28) (3.50) (7.51) (7.05) (8.84) 
[. 01 < P < . • OOlJ [.05 < p < .10] [N.S.] 
IV Large 22.13 18. 62 21.37 18.93 24.29 26.35 
(7.03) (J.88) ( 13. 03) (4.95) (9.57) (10.16) 
[. 05 < p < • 10 ] [P < .OOlJ [ • 02 < P < • 05] 
--:I 
-._!) 
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of Experiment IV Large; i.e., animals in the exploited colo-
nies were larger than those in the non-exploited colonies. 
~bus the over-all pattern of differences between exploited 
ind non-exploited colonies in the two experiments was exactly 
1eversed. Howe v er, the progen y weights did vary in v ersel y 
vith equilibrium density, those colonies with the highest 
censities, exploited or not, had the lowest weights, althou gh 
Fi g ure 13 shows a sli ght positive correlation between weight 
cf the progeny and the number of mice in the colony. 
Food Consumption 
Food consumption per gram of 
biomass 
As stated in the Procedures section, measurements were 
rm.de every 14 days on the wei g ht of the animals in the colo-
nle s and the amount of food which had been consumed. The 
d1ta presented in this section refer to a 14-day period 
r 1ther than a daily interval in order to make comparisons 
w.th other measurements which were taken on the same schedul e , 
s 1ch as density. 
The average amount of food consumed per gram of biomass 
i n the various experiments is presented in Table 20. In 
01der to compare consumption between experiments and colonies 
ii is necessary to use comparable periods of population 
g1owth; i.e., the reproductive or asymptotic periods. This 
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Figure 13. Experiment IV Small and IV Lar g e progeny wei ght at three months as 
a function of the number of mice in the colony when the litter was 
born. 
CD 
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'!'able 20. Average f oo d consumption per biomass and weight gain per foo d consumed 
durin g reproducti v e an d as ymptotic periods. Figures in brackets 
exclude the non-reproducin g colonies of Experiment I V. Colonies are 
listed in order of increasin g st oc k in g d ensity. Standard error i n 
parentheses. 
Gr.. food consumption / gr. Gr. wei ght gain/gr. 
biomass consumed 
Repro. Asymp. Re pro. Asymp. Equil. Stock. 
Experiment period period period period densit y d ensity 
II 1. 6623 1. 525 8 .1184 • 0104 .13 .0 26 
(. 0518) ( .0 888 ) (.0017) (.0020) 
IV Large 1. 8600 1. 750 1 
~l. 7415 ] .0 96 4 • 008 5 [ • 0 158 l . 20 . 052 (.0370) ( .07 69 ) ( • 0649) ( .0100) ( .04 66 ) ~.0147) 
III., F1~-
-- 1. 5217 -- -.0048 • 05 .052 
,.0361 ) -- ( .00 45 ) 
IV Small 1. 6908 1.5840 [ 1. 6327] .0752 • 013 4 [ • 0008 ] .23 .100 (.0810) ( .17 02 ) (. 0677) ( .0200) ( • 01 82) (. 0074) 
III., F O -- 1.358 6 -- .0033 .1 0 .100 
(. 0279) -- (.0081) 
A 
"Experiment III was include d for comparison pur poses, althou gh the colonies ne v er 
reproduced. 
co 
N 
re1oves some of the effect of differences in metabolism and 
co1versiot1 efficiency of adults and juveniles, gravid 
fe uales and immature animals. 
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Only three of the five experiments actually had a 
reroductive period--II, IV Large, and IV Small. During the 
re 1roductive periods, Experiment IV Large had significantly 
hifher food consumption per gram of biomass than the other 
twc experiments ( P < 0. 05) • There may be a s 1 ight tend ency 
fo1 increased food consumption as density increased. 
There was only one si gnificant difference between the 
ex ~eriments during the asymptotic period, IV Large and III, 
F 0 ( P = 0 .0 5 ). Ag ain, food consumption seems to have a 
ten:iency to be greater at the higher equilibrium densities. 
F ood consum ption was lower during the asymptotic 
pertod than d urin g the re productive period, as would be 
exp 3c te d ; howe ve r, this difference was significant only in 
the colonies of Experiment IV Lar ge ( 0 •. 05 < P < 0 .10) • A 
pai,ed-comparison T-test of the reproductive and asymptotic 
per ~ods using the co lonies from all experiments showed a 
sli £htl y significant d ifference (P = 0 .09). 
Wei ght g ain pe r gram of food consumed showed no dif-
ference between the experiments during either the 
rep1oductive or asymptotic periods. Weight grain per gram 
of food consumed was g reater during the reproductive period 
t h ~r during the asymptotic period in Experiment II (P = 0.02) 
an c IV Large (P = 0.005) and in all experiments combined 
( P = 0 . 0J) . 
l•' ood consumption was -rrea ter in the non-exploited 
coJonies in both the reproductive and asymptotic periods, 
although the difference was not significant (P> 0.2), 
(rable 2 1). Weight gain pe r gr am of food consumed was 
greater in the exploited colonies duri ng the reproducti ve 
p~riod, but the opposite was true during the asymptotic 
p~riod. None of the differences was statistically signifi-
cant. 
Nesting Sites 
8L~ 
Ori g inall y I recorded the number of occupied nesting 
s ~tes and their location at each census per iod in order to 
datermine if nesting sites became a limiting factor in the 
c olony grow th. It soon became apparent that this was not the 
cLse. Never were more than six sites occupied at one census 
i u any colony (Tables 22 and 23) . The average number of 
s :tes occupied by the mice varied from 1.5 to 3.4, with a 
t1end toward more sites being occupied during the reproduc-
t :v e period than the asymptotic (Table 22). The asymptotic 
prase of Experiment I had significantly more sites used than 
tee reproductive phase (P < 0.001). The opposite pattern was 
s jgnificant (P <0.01) in Experiment IV Large. No signifi-
cmt differences were found in the other experiments, but 
Table 2 1. Food consumption p er g ram of biomass and wei ght 
g ain per g ram of food consumed in exploited and 
non-exploited colonies of Experiment IV Lar g e 
and Small. Standard deviation in parentheses. 
Exploited Non-Exploited 
Repro- Asymp- Repro- As ymp-
ductive totic ductive totic 
Gr. food consum p- 1. 77 1 1. 677 1. 81 9 1. 752 
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tion /g r. biom a ss ( 0 .13 63 ) (0. 229 9 ) ( o. 1467) ( 0 . 252 8) 
Gr. wei ght gain / 
g r. food con- 0 . 24 89 0.011 2 0.1037 0 .0 237 
sum ption (0.4114) ( 0. 0 14 6 ) (0. 0369) ( 0 . 03 3 9 ) 
Table 22. Number of nesting sites occupied during reproductive and asymptotic 
t--10:::J.· 1.uu.:::1 u.c 1.,ue e../\.µer• 1men-cs 
Number of sites occupied 
-
Reproductive phase Asymptotic phase Equilibrium 
Experiment 1 2 3 4 5 6 1 2 3 4 5 6 density 
I 30 15 2 3 0 0 0 2 4 3 2 0 0 . 07 
x = 1.56 
(x 2 = 29 . 89, P < 0.001) 
x = 3.45 
II 3 8 9 2 2 0 7 20 7 3 2 0 0.13 
x = 2. 67 
(x 2 = 3.84, P = 0.42) 
x = 2. 31 
IV Large 13 36 11 3 0 6 24 35 18 4 5 0 0.20 
(x 2 = 14.42, P = 0.01) 
x = 2.19 x = 2.40 
IV Small 10 9 1 0 0 0 9 1 1 l 0 0 0.23 
(X 2 = 5.82 , P = 0.12 
x = 1.55 x = 1. 50 
CD 
o, 
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Table 23. Comparison of the number of nesting sites occupied 
in exploited and non-exploited colonies during 
reproductive and asymptotic phases of population 
growth 
Number of sit es occupied 
Non-exploited colo-
Experiment Exploited colonies nies 
1 2 3 4 5 6 1 2 3 4 5 6 
IV Small 
reproductive 
phase 1 6 0 2 0 0 9 3 1 0 0 0 
x2 = 10.00, p = 0.02 
-
= 2.33 x = 1. 39 X 
IV Small 
asymptotic 
phase 4 1 0 1 0 0 5 0 1 0 0 0 
x2 = 3.11, p =_0.37 
-X = 1. 67 X = 1.33 
IV Large 
reproductive 
phase 10 15 5 0 0 0 11 19 5 2 0 1 
x2 = 2. 61, p = 0.76 
-
= 1.83 x = 2. 05 X 
IV Large 
asymptotic 
phase 11 24 10 3 4 0 14 12 6 1 1 0 
x2 = 4.59, p = 0.33 
- 2.33 x = 1.79 X = 
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t 1e trend was the same as in Experiment IV Large. Figure 14 
illustrates the inverse relationship between the number of 
resting sites occupied during the asymptotic phase (after 
Bproduction had ceased) and the equilibrium density; i.e., 
t1e more mice, the fewer the nesting holes used. This 
r Jlationship agrees with my observations that, as the 
,=quilibrium density was attained, the mice seemed to live 
t)gether peacefully as one large litter of juveniles, similar 
t) what has been reported by Southwick (1955b). 
There appears to be an inverse relationship between 
ntmber of sites occupied during the growth phase and the 
e1uilibrium and stocking density of the colonies (Figure 14), 
ptrticularly when Experiment I is omitted. This is justi-
f .able since Experiment I used five pair of a different 
stbs pee ies. 
In Table 23 comparisons are made between the exploited 
aid non-exploited colonies within either the reprodu6tive or 
afymptotic phases. In three of the four comparisons (IV 
Snall, both phases, and IV Large, equilibrium phase) the 
average number of the sites occupied was larger in the 
e)ploited than the non-exploited colonies. A chi-square test 
of difference in the distribution of occupied sites was 
s:ignificant only for Experiment IV Small reproductive phase. 
In summary, there is a strong negative correlation 
b ffiween the number of site~ occupied and the density. 
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Figure 14. Average number of nesting sites occupied during 
the asymptotic and reproductive phases of popula-
tion growth as a function of equilibrium and 
stocking density. 
Whether the colonies were in a growth phase or an equilib-
rium phase appears to have an effect on the number of 
possible sites occupied, but this is probably a reflection 
of the d ifferences in the density in the two periods. 
Similarly, there appeared to be more sites occupied in the 
exploit ed than the non-exploited colonies. 
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SUMMARY AND CONCLUSIONS 
Growth of the Colonies 
Attempts to establish colonies of wild-trapped mice 
which would breed in captivity in large pens were unsuc-
cessful, and we, therefore, used stock from colonies of P . 
m. sonoriensis raised in the laboratory as male-female 
pairs in small cages. The stocking density, pen sizes, 
food boxes, and census procedures were modified in four 
experiments over a period of four years . 
All experiments except Experiment I, which was 
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stocked with wild-trapped f . .!:!· rufinllls, showed an initial 
per iod of adjustment, a growth period, and an equilibrium 
period. The len g th of the reproductive period was inversely 
related to stockin g density. 
Recruitment to the populations came almost entirely 
from litters born to the original females used to stock the 
colonies. Litter sizes are comparable to those for caged 
mice of the same age. Pre-weaning litter mortality did not 
appear to be an important limiting factor in limiting popu-
lation growth, except in Experiment I, which had 36% pre-
weaning mortality. The demographic mechanism which reduced 
the population growth rate to zero at the equilibrium 
density was the cessation of breeding by the adults used to 
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stock the colonies and the failure of their progeny to 
develop mature functional gonads. The population grow th 
rate was maintained at zero throughout the equilibrium 
period by a lack of mortality of either the adults or their 
progeny, and this continued failure of breeding. This find-
in g is in accordance with many studies cited previously. 
Den sity Effects on Colony Growth 
The densities (mice per sq. ft.) at which the popula-
tions in these experiments reached equilibrium were somewhat 
lower than those attained in other experiments on small 
rodents when migration was not possible and pen sizes were 
similar. Strecker and Emlen (1953), using pens of 500 sq. 
ft., re ported dens ities of 0.1 to 0.2 mice pe r sq. ft.; 
howe ve r, food was limited in their study. So uthwic k (1955) 
used pens of 150 sq. ft. to raise colonies of house mice 
and reported densities of 0.4 to 1.0 mice per sq. ft. 
Colonies of Mus in pens of 500 sq. ft. with unlimited food 
supply reached densities of 0.156 mice per sq. ft. Experi-
ments with smaller pens seem to produce much higher equilib-
rium densities: Crow croft and Rowe (1957) had Mus densities 
of 3.61 mice per sq. ft. for pens of 36 sq. ft. P. m. 
bairdii reached .densities of 0.3 to 2.35 mice per sq. ft. 
in 10- and 20-sq. ft. pens (Terman, 1965 ). 
The density of mice at equilibrium in these experiments 
was positively correlated with stocking density and nega-
tively correlated with pen size. However, the increase in 
equilibrium density was slightly less than twofold (0.13 to 
0.23 mice per sq. ft.) with a fourfold increase in stocking 
density. The number of mice per colony at equilibrium was 
negatively correlated with stocking density. This may 
indicate that the stocking density of mice acts to reducer 
to zero at different equilibrium densities by depressin g 
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the population g rowth rate either initially or during pop u-
lation growth. It was not possible to determine meanin gful 
estimates of r for these populations because most of the 
growth occurred during very short time per iods and was quite 
sporadic. 
Stocking density had an inverse effect on the number 
of litters born to the ori g inal females, the number of young 
~e r original female, number of litters pe r colony, mean 
litter size, t o tal young per colony, and the percenta ge of 
the original females which bore yo ung. 
Cessation of breedin g by the ori gin al females and the 
fa ilure of their progeny to breed was a result, at least 
proximally, of the strikin g changes in the morpholo gy of the 
gonads. Histolo gic al preparations of the testes and ovaries 
showed that the gon ads of adults and their progeny when 
reproduction had ceased were small, inactive, and contained 
abnormal germinal tissue. When mice which were livin g under 
the same experimental conditions were removed to lower den-
sity conditions, the testes and ovaries tended to return to 
normal. 
In summary then, the net effect of increasing the 
stocking density is to increase the equilibrium density, 
but not proportionally. 
Effect of Exploitation on Colony Growth 
Density-independent exploitation or artificial preda-
tion by the experimenter tended to increase the length of 
the reproductive period. Mean litter sizes, mean number of 
litters, and total number of young born were higher in the 
exploited colonies. However, increased mortality of the 
young (natural plus exploitation) caused the equilibrium 
densit y to be lower in the exploited colonies of Experiment 
IV Large. Experiment IV Small should not be included in 
this discussion as it consisted of only one exploited 
colony and two non-exploited colonies and the effects of 
genetic variability may have overshadowed the effects of 
exploitation. 
Other Aspects of Physiology 
Adrenal weights 
Adrenal weights of the mice were not significantly 
different between experiments; however, adrenal weight per 
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gram of body weight did show a tendency to increase with 
increases in equilibrium density. There were no significant 
differences between the mice in these experiments and mice 
of similar ages trapped duri ng the reproductive season in 
either the adrenal weight or adrenal weight per g ram of 
body weight. The lack of a more pronounced and statistically 
significant adrenal response, as reported by other authors 
for house mice, might ha ve been due to the fact that our 
colonies were formed from "socially compatible" mice, 
raised together from weaning, as was found by So uthwick 
(1963) for P. leuc opus . Another contributing factor may 
have been the fact that at equilibrium these mice were in 
essence " gonadec tomized,' 1 as the gonads were apparently non-
functional from histological evidence, and gonadectomy 
results in a decrease in adrenal weight. 
Body weight 
Adult weights at equilibrium showed a positive rela-
tionship with density, with significant differences between 
the various experiments. The increase in body weights may 
be attributable to the essentially gonadectomized state of 
the animals. The weights of the progeny, however, tended 
to vary inversely with density at equilibrium and were sig-
nificantly less than the weights of the original adults at 
a comparable age in Experiments IV, Large and Small. This 
effect was more pronounced in the females than the males. 
Exploitation had contradictory effects on body weights in 
Experiments IV, Large and Small. In IV Small progeny in 
I 
exploited colonies were significantly lighter in weight at 
10 and 12 weeks than those in the non-exploited colonies. 
The opposite pattern was found in IV Large; however, 
progeny weights did vary inversely with density, as stated 
above, regardless of exploitation. 
Food consumption and weight gain 
Food consumption per g ram of biomass and wei gh t gain 
per gram of food consumed showed differences between the 
v~rious experiments with a tendency toward increased con-
sumption at higher densities and decreased weight ga in with 
increasin g densit y . Exploitation tended to increase food 
consumption during both the reproductive and asymptotic 
periods, as would be expected with the increased production 
of young in the exploited colonies. 
Nesting Sites 
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Nesting sites never became a limiting factor in these 
e~periments. The maximum number of nest boxes occupied at 
ar.y one census was 6, out of 80 available to them. The 
number of sites occupied did, however, show an inverse rela-
tionship with equilibrium and stocking density, within the 
limited range exhibited in these experiments. This is 
probably lue to the fact that, at equilibrium most of the 
mice were not re productively active, and levels of aggres-
sion, nornally co rrelated with reproductive activity, were 
extremely low. S i gns of agg ression such as scars on the 
rump or t a il were quite uncommon durin g the entire experi-
ment. 
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More sites were occupied in the exploited than the non-
exploited colonies whi ch was probably a result of the higher 
densities in the non-exploited colon ies and the inverse 
relationshi p of sites occupied to den sit y. 
Concl usi ons 
1. Red u c tio n of the population gro wth rate to ze ro at 
the equili br ium dens it y was accompl ished by a cessation of 
breedin g by the original adults after an average of 2 . 9 
litters was produced by each original female. This, combined 
with a failure of the female proge ny born in to the colonies 
ever to produce young caused the population g rowth rate to 
remain at zero for up to the 36 weeks average allowed in 
these experiments. The exact mechanism appeared to be psycho-
physiologic in nature, in that regression of the germ inal 
tissues of the adults and failure of maturation of these 
tissues in the progeny occurred in all experiments. Density 
regulation was not accomplished by mortality of either 
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adults or young, except when wild-trapped mice were used. 
The effect of stocking density on the growth of 
the colonies was to increase the equilibrium density, but not 
proportionally with the increase in stocking density. 
Increases in stockin g density were inversely related t o 
numbers of mice present in the colonies at equilibrium. 
J. Density-independent exploitation on the colonies 
in the form of 50% removal of the young in each litter 
tended to reduce equilibrium density and increase the number 
of youn g born, in a possible compensatory response of the 
birth rate to the lower densities in the exploited colonies. 
4. Adrenal wei ght, adrenal weight per g r. of body 
wei ght, and adult body wei ght tended to increase with 
density, as did food consumption (although results on food 
co nsum ption were inconclusi ve) . There was a slight tendenc y 
for weight gain per gr. of food consumed and weight of 
progeny to decrease with increasin g density. It appears 
that, at the higher densities, adults weighed more but ate 
more to produce the same amount of wei ght gain. Progeny 
seemed to bear the brunt of the density burden and were 
lighter in weight than their parents. 
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